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SECTION  1 
INTRODUCTION 


High  performance  Air  Force  aircraft  are  being  fitted  with 
transparencies  utilizing  polycarbonate  (MIL-P-83310)  material 
as  the  structural  ply.  In  some  designs,  a  single  (monolithic) 
thick  polycarbonate  structural  ply  is  used,  especially  when  the 
number  of  ply  interfaces  is  to  be  minimized  for  improved  optics. 
In  other  applications,  several  thin  polycarbonate  and/or  acrylic 
plies,  separated  by  relatively  low  modulus  interlayers,  replace 
the  monolithic  construction .  In  either  case,  outer  and  inner 
surface  protection  may  be  provided  by  acrylic  plies  or 
protective  coatings. 

Polycarbonate  offers  many  advantages  as  a  structural 
transparency  material,  having  excellent  impact  resistance  as 
well  as  acceptable  optical  and  thermal  properties.  The  impact 
resistance  of  polycarbonate  material  is  influenced  by  such 
parameters  as  thickness,  temperature,  ply  configuration, 
processing  procedures,  surface  finish,  aging,  and  environmental 
exposure.  In  order  to  optimize  the  impact  resistance  of  a 
candidate  transparency  design,  the  transparency  designer  must 
be  able  to  evaluate  the  effect  of  these  variables. 

One  of  the  difficulties  in  evaluating  the  impact 
resistance  of  polycarbonate  (or  change  in  impact  resistance) 
is  the  lack  of  a  universally  accepted  and  standardized  test 
method.  Some  transparency  vendors  rely  on  the  falling  weight 
impact  test  which  yields  good  qualitative  results.  However, 
to  date  these  falling  weight  impact  tests  have  often  been 
performed  under  loosely  controlled  conditions,  not  governed 
by  well-defined  test  procedures.  The  notched  Izod  test  has 
been  used  and  continues  to  be  used  for  qualitatively  evaluating 
impact  resistance  of  polycarbonate  per  MIL-P-83310,  even 
though  it  has  not  been  clearly  established  that  this  is  the  best 
method  for  evaluating  the  impact  resistance  of  notch-sensitive 
polycarbonate .  Thus,  no  common  basis  exists  for  comparison  of 
test  results. 
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SECTION  2 
PROGRAM  OBJECTIVE 

The  objective  of  the  experimental  investigation  conducted 
under  this  effort  and  documented  herein  is  to: 

•  identify  and  evaluate  potential  test  methods, 

•  develop  a  standard  test  method  and  procedure  for 
evaluating  the  impact  resistance  of  polycarbonate 
material,  and 

•  make  recommendations  for  application  of  that  test 


method. 


SECTION  3 

EXPERIMENTAL  APPROACH 

3.1  SELECTION  OF  CANDIDATE  TEST  METHODS 

In  order  to  screen  the  most  viable  candidate  impact 
resistance  test  methods  for  the  experimental  investigation,  the 
following  guidelines  for  meeting  the  program  objective  were 
developed. 

•  Strain  rates  to  be  representative  of  those  attained 
during  bird  impact;  providing  the  impact  resistance  of 
the  test  material  is  strain  rate  sensitive. 

•  Test  results  to  be  repeatable. 

•  Cost  of  testing  apparatus,  test  SDecimen,  and  test  time 
to  be  reasonable. 

•  Specimen  configuration  to  be  as  simple  as  possible. 

•  Test  method  to  be  sensitive  in  detecting  both  gross  and 
subtle  changes  in  impact  resistance. 

•  Test  method  to  be  adaptable  to  a  wide  range  of 
material  variables. 

•  Test  sample  failure  mode(s)  to  be  relevant  to  those 
encountered  in  service. 

The  optimum  test  method  will  consider  all  the  above 
requirements,  but  must  contain  compromises  due  to  practical 
constraints.  The  following  paragraphs  present  a  summary  of 
advantages  and  disadvantages  of  the  candidate  test  methods  which 
were  selected  from  a  review  of  industry  and  ASTM  test  methods 
currently  being  employed,  namely;  air  cannon,  fallinq  weight, 
notched  Izod,  notched  Charpy,  high  rate  simply-supported  three- 
point  flexure,  and  high  rate  tension.  For  this  program,  emphasis 
was  placed  on  falling  weight  impact  testing  of  0.250  and  0.31  inch 
thick  uncoated  polycarbonate  plates  with  spot  checks  made  on 
0.125  inch  uncoated,  0.125  inch  coated,  and  0.125  inch  thermal 
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cycled;  0.31  inch  coated  and  0.31  inch  thermal  cycled;  and 
0.5  inch  plates. 

3.1.1  Mr  Cannon  Test  Method 

An  air  cannon  test  offers  the  greatest  potential  for 
providing  the  most  realistic  impact  loading  of  the  test  sample. 

High  strain  rates  can  be  generated  at  specialized  test  facilities. 
The  test  sample  size,  type,  and  mounting  configuration  can  be 
configured  to  simulate  a  representative  test  condition.  The 
impactor  velocity  and  configuration  are  usually  capable  of  some 
adjustment  so  that  the  total  impact  energy  and  energy  distribution 
can  also  be  adjusted  to  match  the  iesired  test  condition.  The  air 
cannon  test  method  has  the  highest  cost  per  test,  especially  if  a 
significant  amount  of  instrumentation  is  used.  Test  results  are 
usually  qualitative  in  nature  and  relatively  large  amounts  of 
material  are  required. 

The  1-1/2  inch  bore  cannon  installed  at  the  UDRI 
Dynamic  Mechanics  Gun  Range  was  used  in  the  program.  The  cannon 
can  be  operated  on  compressed  air  or  a  powder  charge.  The  gun 
itself  is  a  6-foot  long,  1-1/2  inch  I.D. ,  heavy  wall  tube  supported 
on  a  heavy  I-beam.  A  vent  section  is  connected  to  the  muzzle  of 
the  gun  to  release  the  driving  pressure  from  the  back  of  the 
projectile  package. 

Projectiles  are  placed  in  a  sabot,  or  carrier,  for 
launching;  the  sabot  being  a  1-1/2  O.D.  Lexan  cylinder.  Since  the 
sabot  represents  a  significant  fraction  of  the  launch  mass,  it  must 
be  stripped  from  the  projectile  before  the  projectile  impacts  the 
target.  Therefore,  a  sabot  stripping  section  is  connected  to  the 
muzzle  end  of  the  vent  section.  When  the  launch  package  enters  the 
sabot  stripper  section,  the  sabot  is  progressively  decelerated  until 
it  stops;  the  projectile  continuing  on  trajectory  to  the  target. 
Velocities  up  to  3000  ft/sec  are  possible  with  this  gun  which  can 
result  in  strain  rates  of  over  10,000  in/in/sec. 

Air  cannon  range  facilities  are  complemented  by  an 
extensive  range  of  high  speed  instrumentation,  enabling  resolution 


of  even  the  most  transient  impact  events.  Equipment  on  hand 
includes  high  speed  framing  cameras  (up  to  4.5  x  10^  fps) ,  high 
speed  streak  cameras,  flashed  x-ray  equipment  (10  channels) ,  laser 
ve 1 oci tome try ,  high  power  pulsed  laser  holography,  high  speed 
digital  data  acquisition  equipment  (10  channels) ,  and  seven 
oscilloscopes  ranging  up  to  500  MHz  bandwidth. 

3.1.2  Falling  Weight  Test  Method 

The  falling  weight  test  method,  ASTM  Method  F736-81, 
has  several  advantages  over  the  air  cannon  method  with  one 
disadvantage — lower  impactor  velocities.  An  air  cannon  facility 
typically  produces  impact  velocities  at  least  an  order  of  magnitude 
above  falling  weight  velocities  (falling  weight  velocities  being 
approximately  25  to  34  ft/sec  corresponding  to  drop  heights  of 
10  to  18  feet,  respectively).  However,  a  falling  weight  test 
apparatus  is  much  less  costly  to  construct/operate  and  easier  to 
instrument  in  any  attempt  to  generate  quantitative  data.  Specimen 
fabrication  is  relatively  straightforward  for  this  method. 

Numerous  falling  weight  facilities  are  in  existence,  but  the 
associated  test  hardware  and  test  procedures  vary  widely. 

The  UDRI  Falling  Weight  Impact  Test  Apparatus  is 
shown  as  Figure  1  of  Appendix  A.  This  tester  will  accommodate 
simply  supported  or  clamped  plate  specimens  (Type  "A"  specimens) 
of  various  span/thickness  ratios,  as  well  as  simply  supported  beams 
(Type  "B"  specimens)  of  varying  span/thickness  ratios.  A  lifting 
carrier  is  provided  to  raise  or  lower  the  impactor  to  a  maximum  drop 
height  of  20  feet.  Hemispherical  impactors  of  one-quarter-,  one-half-, 
one-,  one-and-one-half-,  and  two-inch  diameter  are  available  and 
interchangeable  for  impact  testing  of  plates.  An  impactor  loading 
nose  and  adjustable  supports  are  available  for  three-point  impact 
testing  of  simply  supported  beams.  Drop  weights  are  detachable, 
interchangeable,  and  variable  in  known  increments  from  one  pound  to 
a  total  of  50  pounds.  A  two-cable  system  guides  the  falling  weight 
to  strike  the  center  of  the  specimen  at  an  impact  velocity  approaching 
free  fall.  Automatic  release  and  rebound  catch  mechanisms  are 
provided . 


mm  in. 

A  10.16  ±  0  05  0  400  *  0  002 

B  32.20  1.260 

31  50  1.240 

C  63.50  2.500 

60.30  2.375 

D  0.25P  *  0.05  0.0I0R  *  0.002 

E  12.70  *  0.15  0  500  *  0  006 

Figure  1.  Notched  Izod  Test  Specimen. 

3.1.3  Notched  Izod  Test  Method 

The  standardized  notched  Izod  test  method  ( ASTM  D256-73, 
Method  A)  yields  qualitative  results,  but  requires  a  test  sample  with 
a  critical  machining  operation  (notching)  as  shown  in  Figure  1. 
Attempts  have  been  made  to  quantify  this  test  method  but  as  yet  an 
ASTM  standard  has  not  been  generated  which  relates  the  impact  strength 
energy  to  the  material  properties.  The  specimen  is  clamped  in  a 
vertical  oosition  in  a  vise  using  fixturing  to  precisely  locate  the 
notch  in  reference  to  the  test  frame.  Figure  2  presents  a  sketch  of 
the  Izod  impact  machine.  The  striking  nose  of  the  pendulum 
strikes  the  sample  at  an  initial  velocity  of  11.4  ft/sec  at  a  point 
0.866  inches  above  the  notch.  The  side  of  the  specimen  with  the 
notch  faces  the  impactor  as  shown  in  Figure  3.  One  result  of  notch¬ 
ing  is  an  effective  increase  in  the  strain  rate  of  the  material; 
hence  the  geometry  of  the  notch  and  the  method  of  fabrication  must 
be  carefully  controlled  to  ensure  the  validity  of  the  test.  The 
energy  expended  in  deforminq  or  fracturing  the  specimen  is  calculated 
by  deducting  the  values  for  the  residual  energy  in  the  pendulum  and 
losses  due  to  friction  and  windage  in  the  apparatus  from  the  initial 
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energy  to  the  pendulum.  In  the  case  of  sheet  material,  the 
direction  of  laoding  is  in  the  plane  of  the  material  and  perpen¬ 
dicular  to  the  direction  of  rolling  unless  the  direction  of  loading 
is  a  variable  in  the  test  matrix.  In  comparison  with  the  air  cannon 
and  falling  weight  methods,  the  size  of  the  specimen  for  the  notched 
Izod  method  is  much  smaller  and  the  cost  of  the  apparatus  is 
typically  less. 

3.1.4  Notched  Charpy  Test  Method 

The  notched  Charpy  test  method  (ASTM  D256-73,  Method  B) 
is  very  similar  to  the  notched  Izod  method.  The  Charpy  test 
specimen  is  loaded  in  simply  supported  three-point  fiexure  as 
opposed  to  the  fixed  cantilever  beam  loading  employed  in  the 
Izod  test  method.  Both  tests  use  the  same  test  machine,  utilizing 
different  supports  and  impactor  heads  {reference  Figure  4) .  In 
the  notched  Charnv  test,  the  impactor  loading  nose  strikes  the 


Point  of  Impact 


Figure  4.  Charpy  Impact  Test  Machane 


specimen  directly  behind  the  notch  as  shown  in  Figure  5,  and 
the  support  span  is  3.75  inches. 


Figure  5.  Relationship  of  Specimen  to  Charpy  Impactor. 

In  both  tests,  the  impactor  velocity  decays  as  the  specimen  is 
deformed  or  fractured,  the  amount  of  decay  being  dependent  upon 
the  energy  of  the  impactor,  and  the  rate  of  energy  absorption  in 
the  specimen. 

3.1.5  High  Rate  Simply-Supported  Three-Point  Flexure 
Test  Method 

For  this  test  method,  the  high-rate  simply-supported 
three-point  flexure  test  specimen  and  supports  are  per  ASTM  D790-71 
Method  I  with  a  16/1  span-to-depth  ratio.  The  test  displacement 
rate,  however,  is  much  higher  with  high-performance  electrohydraulic , 
servo-actuated  MTS  System  Corporation  closed  loop  testing  equipment 
such  as  that  shown  in  Figure  6.  Ram  velocities  of  60,000  in/min 
(69.4  ft/sec)  are  attainable  for  displacements  up  to  five  inches. 

The  direction  of  loading  is  transverse  instead  of  longitudinal  as 
in  the  Charpy  test;  otherwise  this  type  of  test  is  similar  to  an 
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Figure  6.  High  Performance  Electrohydraulic  Closed-Loop  Test  System. 


unnotched  Charpy  test.  The  test  velocity  is  constant  during  the 
test  and  does  not  decay  as  with  previously  discussed  methods. 

Test  data  is  repeatable  and  more  quantitative  than  previously 
discussed  methods,  which  enables  a  breakdown  of  the  test  data  into 
sections  of  elastic  deformation  and  plastic  deformation  or  fracture 
propagation  and  a  determination  of  attendant  mechanical  property 
values.  The  relative  cost  of  the  apparatus  is  high. 

3.1.6  High-Rate  Tension  Test  Method 


High-rate  tensile  tests  per  ASTM  1822-68  can  be 
conducted,  using  appropriate  fixturing,  in  the  same  impact  test 
machine  used  for  Izod  and  Charpy  tests,  and  produce  strain  rates 
of  about  2.5  in/in/sec.  High-rate  tensile  tests  can  also  be 
conducted  in  a  high  performance  electrohydraulic  test  machine 
(reference  Figure  6)  per  ASTM  2289-69;  this  method  results  in 
strain  rates  of  more  than  1600  in/in/sec.  As  in  the  case  of 
high- rate  flexure  tests,  the  latter  test  method  will  generate 
quantitative  test  data,  but  the  cost  of  the  apparatus  is  high. 


SECTION  4 
TEST  PROGRAM 

The  test  program  consisted  of  31  air  cannon  tests,  402 
falling  weight  tests,  30  notched  Izod  tests,  30  notched  Charpy 
tests,  and  39  simply-supported  three-point  flexure  tests.  No 
high  rate  tests  were  conducted  because  of  the  limited  funds 
available  for  this  program.  Typical  failed  specimens  are  shown 
in  Figures  7  and  8  illustrating  the  relative  specimen  size  as 
specified  by  the  associated  test  method.  The  following  paragraphs 
describe  the  test  specimen  material,  the  test  procedures  used, 
and  present  the  test  results. 

4.1  TEST  SPECIMEN  MATERIAL 

The  test  samples  for  the  experimental  program  were  fabricated 
from  three  different  types  of  monolithic  polycarbonate:  SL-3000 
G.E.  Lexan  ®  per  MIL-P-83310  in  two  thicknesses,  nominal  0.125  inch 
and  0.310  inch,  both  coated  (FX-103  coating,  one  side)  and 
uncoated;  Rohm  and  Haas  Tuffak  ©,  uncoated,  per  MIL-P-83310, 
nominal  thickness  0.310  inch;  and  commercial  grade  Lexan  ®  (9030 
Series)  in  two  thicknesses,  nominal  0.250  inch  and  0.500  inch. 

The  0.46  inch  stretched  acrylic  (MIL-P-25690)  was  included  for 
comparative  purposes. 

Tests  were  conducted  on  the  SL-3000  at  three  different 
material  conditions  for  each  thickness  to  evaluate  the  sensitivity 
of  the  test  methods  to  typical  processing  variables.  The  'AR' 
(As-Received)  condition  was  produced  by  storing  the  incoming  material 
in  the  laboratory  environment  (73+2°F,  50+5%  R.H.)  at  least  four 
weeks  prior  to  testing.  The  ' C'  (coated)  condition  was  procured 
with  a  coating  (FX-103)  known  to  severely  embrittle  polycarbonate, 
applied  to  one  side  of  the  sheet,  followed  by  a  minimum  of  four 
weeks  storage  in  the  laboratory  prior  to  testing.  The  ' TC' 

(Thermally  Cycled)  condition  was  produced  by  placing  the  finish 
machined  samples  in  a  preheated  air-circulating  Instron  heating 
chamber  at  105 °C  (257°F)  for  two  hours  (typical  fabrication  heat 
treatment  temperature) ,  followed  by  air  cooldown  to  room  temperature 
for  one  hour  followed  by  immediate  testing. 


.310"  Polycarbonate 
Impact  Resistance 
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The  Rohm  and  Haas  Tuffak  and  the  commercial  grade  G.E.  Lexan 

materials  were  tested  in  the  AR  condition  only.  In  the  case  of  the 

AR,  TC,  and  C  conditions,  the  beam  samples  were  machined  from  the 

conditioned  material  using  techniques  developed  to  produce  a  minimum 

of  residual  stress,  and  all  of  these  samples  were  inspected  photo- 

elasticially  to  verify  the  absence  of  fabrication  induced  residual 
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stresses.  Falling  weight  and  air  cannon  plate  test  specimens 
were  bandsawed  to  size  because  the  edge  condition  was  not 
critical  (Reference  3  and  Appendix  A) . 

4.2  AIR  CANNON  TESTS 

A  total  of  31  air  cannon  tests  were  conducted  on  uncoated 
monolithic  polycarbonate  to  evaluate  the  effects  of  high  strain 
rate  impact.  These  tests  are  compared  to  falling  weight  tests  in 
Section  4.3.  The  12  x  12  inch  plate  specimens,  in  two  thicknesses, 
were  mounted  with  simply  supported  edge  conditions  on  a  10  x  10 
inch  steel  frame.  The  plates  were  then  impacted  in  the  center 
using  either  a  spherical  (66.7  gm)  projectile  or  a  bullet  shaped 
(287  gm)  projectile.  The  two  impactors  were  used  to  study  the 
effect  of  impactor  velocity  on  threshold-of-failure  energy 
(minimum  energy  required  to  form  a  visible  open  crack) . 

The  results  of  16  air  cannon  tests  conducted  on  0.31  inch 
thick  uncoated  polycarbonate  are  presented  as  Table  B.l  in 
Appendix  B.  The  1.0  inch  diameter  spherical  impactor  produced  a 
failure  threshold  of  about  975  ft-lbs  for  the  G.E.  Lexan.  The  bullet 
impactor  (a  1.0  inch  diameter  cylinder,  2-1/2  inches  long,  with  a 
hemispherical  nose,  total  length  of  3  inches)  produced  a  failure 
threshold  of  about  1170  ft-lbs  in  the  G.E.  Lexan,  a  20%  increase 
in  failure  energy  at  53%  of  the  spherical  impactor  velocity. 

Figures  9  and  10  show  typical  0.31  inch  thick  specimens  after  testing. 
These  specimens  were  photographed  on  graph  paper  (note  the  distortion 
around  the  impacted  area).  The  impactor  is  shown  off  to  the  side. 

Table  B.2  in  Appendix  B  presents  the  results  of  15  tests 
conducted  on  0.5  inch  thick  commercial  grade  G.E.  Lexan.  The 
failure  thresholds  were  1740  ft-lbs  with  the  spherical  impactor 
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and  2090  ft-lbs  with  the  bullet  impactor — a  20%  increase  in  failure 
energy  over  the  spherical  impactor.  The  velocity  of  the  bullet 
impactor  was  52%  of  the  velocity  of  the  spherical  impactor  at  the 
failure  threshold,  the  same  relative  difference  as  in  the  previous 
tests.  This  indicates  that  the  relative  differences  between  the 
threshold  of  failure  for  the  two  impactors  may  not  have  been 
directly  related  to  the  material  thickness.  The  material  was  60% 
thicker  and  the  velocities  were  over  30%  higher  ir:  the  second  series 
of  tests,  yet  the  relative  difference  in  failure  threshold  between 
impactors  remained  unchanged.  Figure  11  shows  typical  0.5  inch 
thick  specimens  impacted  with  a  spherical  impactor. 

An  unexpected  result  was  the  apparent  decrease  in  the  impact 
strength  at  the  higher  impact  velocities  as  shown  in  Figure  12. 

The  relative  difference  (20%)  between  the  threshold  of  failure 
energies  for  the  spherical  and  bullet  impactors  mav  have  been  due 
to  any  combination  of  several  factors  which  include  differences  in 
impactor  geometry  and  surface  finish,  as  well  as  differences  in 
velocity  (higher  velocities  may  result  in  more  localized  straining 
of  the  material)  and  material  thickness.  Falling  weight  data  was 
included  in  this  plot  for  comparison.  The  fact  that  the  span  was 
different  between  the  falling  weight  (8  inch  diameter  span)  and 
the  air  cannon  (10  inch  square  span)  is  not  expected  to  have  a 
significant  effect  on  this  comparison  (see  Figure  13) .  A  better 
understanding  of  the  strain  rate  effects  in  polycarbonate  is  needed. 

4 . 3  FALLING  WEIGHT  TESTS 

A  total  of  402  falling  weight  impact  tests  were  conducted  in 
accordance  with  ASTM  Method  F736-81;  391  tests  were  conducted  on 
monolithic  polycarbonate  specimens  to  determine  the  effects  of 
impactor  size,  imnactor  configuration,  impactor  finish,  specimen 
configuration,  support  span,  material  thickness,  material  condit¬ 
ioning,  and  impactor  velocity;  and  11  tests  were  conducted  on 
monolithic  stretched  acrylic  to  compare  its  impact  resistance  to 
that  of  polycarbonate. 
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Energy  (ft. -lb*. 


Material:  .250  inch  thick  Commercial  Grade 
Polycarbonate  (G;E.  Lexan®) 


Figure  13.  Effects  of  Plate  Span  on  the  Failure  Threshold 
Energy  (Falling  Weight  Test  Results) . 
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Using  five  different  sizes  of  hemispherical  impactors, 

363  Type  "A"  plate  specimens  were  mounted  in  a  clamping  ring  setup 
and  tested.  The  results  of  the  plate  tests  are  presented  and 
summarized  in  Paragraph  4.3.1  and  Table  1.  Thirty-nine  Type  "B" 
beam  specimens  were  tested  using  an  impactor  nose  and  supports 
corresponding  to  ASTM  Method  F736-81  (D790-I) .  The  results  of 
28  polycarbonate  beam  tests  are  presented  in  Paragraph  4.3.2 
and  Tables  B.15  and  B.16.  The  results  of  eleven  tests  conducted  on 
stretched  acrylic  beams  are  included  in  Table  B.16. 

Although  limited  in  number,  the  tests  performed  did  indicate 
trends  in  the  behavior  of  impacted  polycarbonate  and  enabled  the 
recommendation  of  an  economical  standard  test  method  for  ASTM 
consideration.  The  standard  was  adopted  as  ASTM  Method  F736-81, 
"Standard  Practice  for  Impact  Resistance  of  Monolithic  Polycarbonate 
Sheet  by  Means  of  a  Falling  Weight"  (see  Appendix  A) . 


4.3.1  Falling  Weight  Plate  Tests 


Falling  weight  plate  tests  have  been  conducted  on 
363  polycarbonate  specimens  using  nine  different  impactors,  three 
plate  spans,  four  material  thicknesses,  and  three  material  con¬ 
ditions.  Specimens  were  mounted  in  accordance  with  the  ASTM 
F736-81  test  method  (see  Appendix  A) . 


Tables  B.3  and  B.4  (Appendix  B)  present  the  results 
of  tests  conducted  on  0.125  inch  thick  material;  typical  tested 
specimens  are  shown  in  Figure  14.  A  total  of  33  tests  were 
conducted  on  uncoated  polycarbonate,  and  11  of  these  specimens 
were  thermal  cycled  at  257°F.  Based  on  the  test  data,  the 
estimated  failure  threshold  for  the  specimens  in  the  as-received 
condition  was  185  ft-lbs  for  the  4.96  inch  span  and  200  ft-lbs 
for  the  8.0  inch  span.  The  failure  threshold  for  the  thermally 
cycled  specimens  with  a  4.96  inch  span  was  155  ft-lbs.  Of  the 
eight  coated  specimens  tested,  four  were  tested  with  the  coated 
side  in  compression  (up)  and  four  with  the  coated  side  in  tension 
(down) .  The  results  of  these  tests  demonstrated  the  embrittling 
effect  of  a  surface  coating.  The  failure  energy  for  the  tests 
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TABLE  1 


RESULTS  OF  FALLING  WEIGHT-PLATE  TEST 


Material 

Impactor 

1 

Threshold 

Thicknes^ 

Material 

Size 

Span 

Number  of 

Energy 

(in. ) 

Type 

(in.) 

Dia.  (in.) 

Specimens* 

(ft-lbs. ) 

.125 

Mil-Spec  Lexan 

1 

4.96 

11 

185 

8.  0 

11 

205 

Thermal-Cycled 

1 

4.96 

11 

155 

Coated  Side  Up 

1 

4.96 

4 

60 

Coated  Side  Down 

1 

4.96 

4 

5 

.25 

Commercial  Lexan 

4.0 

6 

45 

I 

! 

i 

8.0 

10 

400 

| 

8.0 

.  ..  .  J 

18 

875 

Mil-Spec  Lexan 

% 

4.0 

14 

135 

4.96 

21 

135 

8.0 

18 

160 

1 

4.0 

15 

380 

4.96 

17 

390 

-  ■  1 

8.0 

8 

410 

155 

4.0 

18 

835 

4.96 

17 

825 

.31 

Mil-Spec  Lexan 

\ 

4.0 

5 

175 

4.96 

4 

180 

1 

8.0 

6 

200 

1 

4.0 

37 

475 

4.96 

31 

500 

8.0 

6 

575 

1-polished 

4.0 

5 

500 

4.96 

6 

475 

1-stainless 

4.96 

5 

500 

Coated  Side  Down 

1 

4.96 

6 

20 

Thermal-Cycled 

1 

4.96 

8 

470 

Mil-Spec  Tuffak 

1 

4.0 

13 

475 

1-polished 

4.  0 

5 

500 

.50 

Commercial  Lexan 

1 

4.96 

15 

860 

1-polished 

4.96 

2 

>900 

* 


Results  of  tests  on  six  specimens  are  not  included  in  this  table. 


Typical  Penetration  Beyond  the  Failure  Threshold 

Figure  14.  0.125"  Thick  Uncoated  MIL-P-83310  Polycarbonate 

Plate  Test  Specimens. 


conducted  with  the  coating  in  compression  was  135  tt-lbs  and  for 
the  specimens  tested  with  the  coating  in  tension  the  failure 
energy  was  only  6  ft-lbs.  These  tests  demonstrate  the  usefulness 
of  the  falling  weight  tests  in  qualitatively  evaluating  the 
relative  impact  strength  of  a  material. 

Tables  B.5  through  B.8  summarize  the  tests  conducted 
on  0.25  inch  thick  commercial  grade  polycarbonate  (Lexan)  in  the 
as-received  condition.  The  tests  were  conducted  to  evaluate  the 
effects  of  impactor  size,  plate  span,  and  impactor  velocity  on 
the  threshold  of  failure  energy.  Five  impactors  with  diameters 
of  1/4,  1/2,  1,  1-1/2,  and  2  inches,  and  three  plate  spans  with 
diameters  of  4.00,  4.96,  and  8.00  inches  were  used.  Tables  B.5 
and  B.6  present  the  results  of  54  tests  conducted  on  specimens 
supported  with  a  4-inch  diameter  span  and  impacted  with  one  of 
the  five  different  size  impactors.  The  2-inch  diameter  impact 
tests  were  discontinued  because  the  required  energy  levels  for 
failure  exceeded  the  test  equipment  capability.  The  55  test 
results  for  specimens  tested  with  a  span  of  4.96  inches  are 
presented  in  Table  B.7.  Tests  conducted  using  the  1/2  inch- 
diameter  bullet  investigated  the  effect  of  varying  the  velocity 
a  small  amount  by  changing  the  drop  height  and  falling  weight. 

The  velocities  varied  from  17  ft/sec  to  31  ft/sec,  with  no 
measurable  change  in  the  threshold  energy.  The  results  of  54 
tests  conducted  using  the  8.0  inch  span  have  been  presented  in 
Table  B.8.  Threshold  of  failure  energies  fell  within  a  +7% 
band.  Figure  13  shows  energy  as  a  function  of  plate  span  for 
three  different  size  impactors.  The  energy  increases  only  a 
small  amount  for  relatively  large  increases  in  plate  span. 

Figure  15  shows  energy  as  a  function  of  impactor  size  for  the 
three  different  plate  spans.  The  energy  appears  to  increase  at 
an  increasing  rate  with  greater  impactor  diameters. 

One  hundred  forty-two  tests  were  conducted  on  0.31 
inch  thick  coated  and  uncoated  polycarbonate;  the  results  of  the 
tests  are  presented  in  Tables  B.9  through  B.13  (Appendix  B) . 
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Typical  tested  specimens  are  shown  in  Figure  16.  The  results  of 
tests  conducted  on  MIL-P-83310  uncoated  polycarbonate  are  presented 
in  Table  B.9  and  a  comparison  is  made  in  Table  B.10  between  the 
MIL-P-83310  G.E.  Lexan  and  the  Mil-P-83310  Rohm  &  Haas  Tuffak. 

The  results  of  tests  conducted  on  coated  specimens  are  presented 
in  Table  B.ll  and  show  the  embrittling  effect  of  a  surface  coating. 
The  failure  energy  decreased  from  about  500  ft-lbs  for  the 
uncoated,  unconditioned  polycarbonate  to  20  ft-lbs  for  the  coated 
specimens  with  a  4.96  inch  span.  Thermally  cycled  specimens,  also 
presented  in  Table  B.ll,  failed  at  470  ft-lbs  which  is  onlv  a 
slight  reduction  in  the  failure  energy.  Table  B.12  presents  the 
results  of  tests  conducted  using  various  one-inch  diameter  imoac- 
tors  which  had  different  geometrical  configurations  and  surface 
finishes.  Although  this  data  was  limited,  there  appears  to  be 
about  a  5%  decrease  in  the  threshold  energy  for  specimens  tested 
with  the  polished  (4  Lapped  Surface)  impactor;  however,  the 
results  in  Table  B.10  indicate  a  5%  increase  in  energy  for  the 
polished  impactor. 

Table  B.13  presents  the  data  for  tests  conducted  with 
various  size  impactors  and  plate  spans  on  0.31  inch  thick 
uncoated  polycarbonate.  The  limited  amount  of  data  appears  to 
follow  the  trends  presented  in  Figure  13  for  the  0.25  inch  thick 
specimens.  However,  no  conclusive  evaluation  could  be  made. 

The  test  results  for  the  0.5  inch  thick  uncoated 
polycarbonate  are  summarized  in  Table  B.14.  Table  1  presents  a 
summary  of  the  falling  weight  plate  test  results.  Figure  17  shows 
the  threshold  of  failure  energy  as  a  function  of  material  thickness. 
The  energy  increases  at  an  increasing  rate  with  greater  material 
thicknesses,  which  is  similar  to  the  trend  seen  in  Figure  15  with 
the  increasing  impactor  size.  The  air  cannon  test  results  followed 
the  same  trend,  only  at  a  higher  energy  level. 

In  order  to  correlate  the  results  of  plate  tests 
conducted  on  different  material  thicknesses  using  different  size 
impactors  and  plate  spans  the  material  thickness  at  the  point  of 
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Figure  17.  Threshold  Energy  versus  Thickness. 


impact  was  measured  to  determine  the  percent  reduction  in  thickness. 
The  results  of  measurements  taken  on  representative  plate  specimens 
which  have  been  tested  at  threshold  enerqy  are  presented  in 
Table  2.  Typically  unconditioned  polycarbonate  demonstrates  60  to 
100  percent  elongation  in  tension  which  is  similar  to  the  measured 
percent  reduction  in  thickness  for  the  plate  specimens.  The  maxi¬ 
mum  percent  reduction  in  thickness  is  not  equivalent  to  (generally 
less  than)  the  maximum  percent  elongation  because  of  the  complex 
strain  distribution.  Although  this  data  is  limited,  there  appears 
to  be  a  greater  percent  reduction  in  thickness  for  tests  conducted 
with  smaller  diameter  impactors,  and  there  appears  to  be  no 
significant  difference  in  the  percent  reduction  in  thickness 
between  the  air  cannon  and  falling  weight  specimens  despite  the 
differences  in  the  threshold-of-f ailure  energy  levels.  By  measur¬ 
ing  the  percent  reduction  in  thickness,  it  is  possible  to  compare 
the  relative  impact  resistance  of  materials  of  different  thicknesses 
and  materials  tested  with  different  impactors  and  plate  spans  at 
different  velocities. 

4.3.2  Falling  Weight  Beam  Tests 

Twenty-eight  falling  weight  beam  tests  were  conducted 
on  polvcarbonate  beam  type  specimens;  18  tests  were  conducted  on 
0.31  inch  thick  uncoated  polycarbonate,  6  tests  were  conducted  on 
0.31  inch  thick  coated  polycarbonate,  and  4  tests  were  conducted 
on  0.5  inch  thick  uncoated  polycarbonate  beams.  A  typical  failed 
(failure  is  defined  as  a  visible  open  crack)  beam  is  shown  in 
Figure  18. 

Table  B.15  (Appendix  B)  presents  the  data  for  the 
0.31  inch  thick  polycarbonate  beams.  Four  uncoated  polycarbonate 
beam  specimens  were  tested  using  a  3.1  inch  span  (10:1  span-to- 
depth  ratio) .  These  specimens  were  deformed  to  the  limits  of  the 
test  fixture  (pushed  between  the  supports)  and  could  not  be 
failed  (fractured).  A  1.86  inch  span  (6:1  span-to-depth  ratio) 
was  used  on  the  remaining  fourteen  beams  which  resulted  in  a 
threshold  energy  of  85  ft-lbs.  Six  beams  were  fabricated  from 
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TABLE  2 

SUMMARY  OF  SPECIMEN  THICKNESS  REDUCTION 


Impactor 

Plate 

Specimen 

Size 

Span 

Thickness 

Identification 

( inches) 

(inches) 

(inches) 

Thickness  .125" 

20-TC 

1 

4.0 

.  053 

Thickness  .25'' 

DB-62 

% 

4.0 

.068 

DB-63 

% 

4.0 

.068 

DB-10 

1 

4.0 

.100 

DB-30 

1 

4.0 

.095 

DB-33 

1 

4.0 

.106 

DB-3 

1% 

4.0 

.  098 

DB-39 

1% 

4.0 

.100 

DB-1 

2 

4.0 

.103 

CB-7 

% 

4.96 

.056 

CB-13 

\ 

4.96 

.058 

CB-17 

% 

4.96 

.047 

CB-23X 

1 

4.96 

.103 

CB-26 

1 

4.96 

.100 

CB-28 

1 

4.96 

.104 

CB-34 

1 

4.96 

.100 

CB-40 

1% 

4.96 

.100 

CB-50 

1% 

4.  96 

.097 

BB-2  3 

1 

8.0 

.100 

BB-35 

1 

8.0 

.086 

Thickness  .31" 

DA- 15 

1 

4.0 

.  125 

DA- 16 

1 

4.0 

.  123 

DA- 17 

1 

4.0 

.136 

DA-2R 

1 

4.0 

.113 

DA-12R 

1 

4.0 

.115 

(Air  Cannon) 

AA-4 

1 

10 

.132 

AA-2R 

1 

10 

.132 

(Air  Cannon) 

AG- 6 

1 

10 

.123 

AG- 9 

1 

10 

.267 

Percent 

Reduction 


58 


73 

73 

60 

62 

58 

61 

60 

59 

78 

77 

81 

59 

60 
58 
60 

60 

61 

60 

66 


60 

60 

56 

64 

64 


57 

57 


75 

47 
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V.  1 

*  J 

Typical  Split  Beam 
Typical  Failed  Beam 

Typical  Deformed  Beam  Prior  to  Failure 


Figure  18.  0.31-inch  Thick  Uncoated  Polycarbonate  Beam 

Test  Specimens. 


coated  polycarbonate  and  tested  with  a  3.1  inch  span;  the  embrittling 
effect  of  the  FX-103  coating  was  evident  in  that  these  specimens 
failed  at  5  ft-lbs  of  energy  with  the  coated  side  in  tension.  The 
FX-103  coating  on  the  surface  of  the  polycarbonate  reduced  the 
impact  strength  to  a  level  similar  to  acrylic. 

Table  B.16  presents  the  data  for  the  0.46  inch  thick 
acrylic  and  the  0.5  inch  thick  uncoated  polycarbonate  beam  specimens 
tested  with  a  6:1  span-to-depth  ratio.  The  six  acrylic  beams 
shattered  at  10  ft-lbs,  whereas  a  polycarbonate  beam  was  deflected 
to  the  limits  of  the  supports  at  170  ft-lbs  of  energy.  These  tests 
demonstrate  the  differences  in  toughness  between  the  two  materials. 

The  beam  type  specimens  were  more  difficult  to  fabricate 
than  plate  specimens.  However,  they  were  more  easily  tested  than 
plate  specimens,  and  they  produced  good  results  when  ranking  the 
relative  toughness  of  materials.  The  only  real  problem  occurred 
when  testing  very  tough  and  ductile  materials,  which  are  deflected 
to  the  limits  of  the  supports  without  failure. 

4.4  NOTCHED  IZOD  AND  NOTCHED  CHARPY  TESTS 

The  notched  Izod  tests  were  conducted  in  accordance  with 
A STM  D256-73,  Method  A;  test  results  being  presented  in  Table  B.16. 
This  test  method  was  also  very  sensitive  in  detecting  embrittlement 
produced  by  coating  the  nominal  0.125  inch  thick  polvcarbonate 
material  with  FX-103,  as  was  the  falling  weight  test  method.  The 
Izod  test  method  also  detected  a  polycarbonate  embrittlement  as  a 
result  of  the  thermal  cycle  conditioning  of  the  0.125  inch  thick 
material  which  was  not  detected  by  the  falling  weight  tests. 

For  the  nominal  0.310  inch  thick  polycarbonate  material,  t  ;e 
behavior  was  brittle  at  all  the  tested  material  conditions,  with 
only  a  small  decrease  in  impact  strength  Droduced  by  the  1 C*  and 
'TC'  conditioning.  In  the  falling  weight  tests,  the  behavior  of 
the  'AR'  0.31  inch  thick  material  was  ductile  with  large  decreases 
in  strength  produced  by  the  'C'  conditioning. 


33 


As  can  be  seen  in  Table  B.16,  the  notched  Charpy  test  results 
are  essentially  equivalent  to  the  notched  Izod  results  and  the 
same  conclusions  apply. 

4.5  SIMPLY-SUPPORTED  THREE-POINT  FLEXURE  TESTS 

The  simply-supported  three-point  flexure  test  results  are 
presented  in  Appendix  B  in  Table  B.17.  These  tests  were  conducted 
in  accordance  with  ASTM  D790-71,  Method  I,  with  the  exception  that 
the  ram  velocity  was  adjusted  to  produce  the  fiber  strain  rates 
listed  in  the  table.  The  mechanical  properties  documented  in 
the  table  were  determined  from  the  load  versus  displacement  test 
curve  generated  durinq  each  test.  Since  the  elastic  response  of 
the  specimens  produced  a  nonlinear  load  versus  displacement 
relationship  in  this  test,  the  secant  stiffness  and  secant  elastic 
modulus  are  reported  for  a  2%  maximum  fiber  strain.  The  maximum 
fiber  stress  was  calculated  for  the  maximum  load  on  the  load 
versus  displacement  curves  and  reported  as  the  ultimate  stress. 

The  energy  consumed  in  straining  the  specimen  to  the  ultimate 
stress  was  also  measured  and  is  reported. 

The  mechanical  property  values  increase  with  increasing 
strain  rate;  however,  all  failure  modes  were  ductile  (plastic 
hinge) .  Higher  rates  may  increase  sensitivity  and  result  in 
material  properties  more  representative  of  those  relating  to 
bird  impact. 

The  specimens  of  the  'C'  condition  were  tested  with  the 
coated  side  in  tension.  The  behavior  of  these  specimens  was 
ductile  with  hairline  fractures  observed  in  the  coating  under  the 
loading  nose  (center  support) .  There  was  not  a  statistically 
significant  effect  produced  by  the  'C'  conditioning  in  the 
mechanical  properties  at  the  99%  confidence  level. 

4.6  HIGH  RATE  TENSION  TESTS 

High  rate  tension  tests  were  not  conducted  because  of  the 
high  cost  of  the  test  fixturing  required,  the  high  cost  of  the 


specimen,  and  the  limited  funds  available.  Despite  the  higher 
costs  of  performing  these  tests,  this  is  a  very  promising  test 
method.  In  order  to  generate  strain  rates  representative  of 
those  in  a  bird  impact,  a  high  performance  electrohydraulic  test 
machine  must  be  used.  The  quantitative  tensile  modulus  and 
tensile  strengths  would  be  valuable  parameters  for  use  in  the 
design  and  analysis  of  bird  impact  resistant  transparencies. 
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SECTION  5 

CONCLUSIONS  AND  RECOMMENDATIONS 


Table  3  presents  a  summary  of  the  test  methods  considered  for 
evaluating  material  embrittlement.  The  falling  weight  test  method 
offers  low  cost,  very  good  sensitivity  and  repeatability,  and 
excellent  adaptability  to  a  variety  of  materials.  The  high-rate 
simply-supported  three-point  flexure  test  method  is  similar  to 
the  falling  weiqht  test  with  the  Type  "B"  beam  specimens.  The 
advantage  is  that  the  results  are  quantitative  but  the  cost  is 
much  higher.  The  notched  Izod  and  notched  Charpy  tests 
demonstrated  the  greatest  sensitivity  of  any  of  the  evaluated  test 
methods,  possibly  because  of  the  high  strain  rates.  Tie  sensi¬ 
tivity  of  the  air  cannon  and  high-rate  tension  test  was  not 
evaluated. 

The  falling  weight  impact  test  method  is,  at  this  time,  the 
recommended  test  method  for  experimentally  evaluating  the  impact 
resistance  of  polycarbonate  material.  The  method  offers  a  good 
compromise  of  sensitivity,  versatility,  applicability,  and  overall 
cost.  Based  on  the  tests  conducted  under  this  effort,  a  standard 
test  method  for  determining  the  impact  resistance  of  monolithic 
polycarbonate  by  means  of  a  falling  weiqht  has  been  generated  and 
adopted  as  ASTM  F736-81  (reference  Appendix  A) . 

Recommendations  are  outlined  below. 

a.  Additional  high  velocity  (strain  rate)  impact  testina 
(air  cannon)  of  polycarbonate  to  be  evaluated  at  both  higher  and 
lower  velocities  than  tested.  This  testing  is  necessary  to 
better  understand  the  effects  of  strain  rate  on  material  properties 
Also,  testing  needs  to  be  conducted  on  aqed  material  to  better 
evaluate  the  test  sensitivity. 

b.  An  investigation  be  conducted  to  utilize  fracture 
toughness  test  methods  as  a  means  for  evaluating  the  impact 
resistance  of  polycarbonate. 


c.  A  determination  be  made  of  the  effects  due  to  different 
lot  material  (processing  variables)  on  the  impact  resistance  of 
po 1 yea  rbona  te . 

d.  An  investigation  be  conducted  using  high  rate  tension 
tests  to  determine  the  effects  of  embrittlement  on  the  percent 
elongation  and  elastic  modulus.  This  information  is  necessary 
to  improve  computer  simulated  failure  modes. 

e.  Additional  simply-supported  three-point  flexure  testing 
at  even  higher  strain  rates  be  attempted  in  order  to  determine 
if  a  brittle  transition  occurs  in  unnotched  samples.  The 
higher  rates  may  increase  the  sensitivity  of  this  test  and  make 
it  more  representative  of  a  bird  impact. 
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IMPACT  RESISTANCE  OF  MONOLITHIC  POLYCARBONATE 
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Designation:  F  736  -  81 


'U  I* 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS 
1916  Race  St.,  Philadelphia,  Pa.  19103 
Reprinted  from  the  Annual  Book  ol  ASTM  Standards,  Copyright  ASTM 
II  not  listed  in  the  current  combined  index,  will  appear  in  the  next  edition. 


Standard  Practice  for 

IMPACT  RESISTANCE  OF  MONOLITHIC 
POLYCARBONATE  SHEET  BY  MEANS  OF  A  FALLING 
WEIGHT1 


This  standard  is  issued  under  ibe  fixed  designation  F  736;  tbc  number  immediately  following  the  designation  indicates  the 
year  of  original  adoption  or.  to  the  case  of  revision,  tbe  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last 
reapproval  A  superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  reapprnval. 


1.  Scope 

1 . 1  This  practice  covers  the  determination  of 
ihe  energy  required  to  initiate  failure  in  mon¬ 
olithic  polycarbonate  sheet  material  under 
specified  conditions  of  impact  using  a  free  fall¬ 
ing  weight. 

1.2  Two  specimen  types  are  defined  as  fol¬ 
lows: 

1.2.1  Type  A  consists  of  a  flat  plate  test  spec¬ 
imen  and  employs  a  clamped  ring  support. 

1.2.2  Type  B  consists  of  a  simply  supported 
three-point  loaded  beam  specimen  (Reference 
Fig.  1)  and  is  recommended  for  use  with  ma¬ 
terial  which  can  not  be  failed  using  the  Type  A 
specimen.  For  a  maximum  drop  height  of  6.096 
m  (20  ft)  and  a  maximum  drop  weight  of  22.68 
kg  (50  lb),  virgin  polycarbonate  greater  than 
12.70  mm  (H  in.)  thick  will  probably  require 
use  of  the  Type  B  specimen. 

Note  I— See  also  ASTM  Methods.  D  1709, 
D  2444  and  D  3029. 

2.  Applicable  Documents 

2.1  ASTM  Standards'. 

D618  Conditioning  Plastics  and  Electrical 
Insulating  Materials  for  Testing2 

D  790  Test  for  Flexural  Properliesof  Plastics3 

3.  Summary  of  Practice 

3. 1  The  test  procedure  to  cause  failure  covers 
a  range  of  impact  energies  and  differs  with 
respect  to  geometry  and  support  of  lest  speci¬ 
men  Type  A  and  test  specimen  Type  B.  Guide¬ 
lines  are  established  to  control  drop  heights, 
impact  velocity,  drop  weights,  impactor  heads, 


tmpaclor  release,  impactor  rebound,  impacl  lo¬ 
cation,  and  specimen  configuration  which  are 
applicable  to  a  falling  weight  impacl  tester 
designed  to  accommodate  Type  A  or  Type  B 
test  specimens,  or  both,  fabricated  from  mon¬ 
olithic  polycarbonate  sheet  material. 

4.  Significance  and  Use 

4.1  This  practice  is  applicable  for  qualita¬ 
tively  evaluating  coaled  and  uncoaled  mono¬ 
lithic  polycarbonate  sheet  material,  for  moni¬ 
toring  process  control,  for  screening  studies, 
and  as  an  aid  in  the  prediction  of  hardware 
performance  when  exposed  to  impact  service 
conditions. 

4.2  A  limitation  of  Type  A  specimen  testing 
is  that  a  thick  sheet  may  not  fail  since  the 
available  impacl  energy  is  limited  by  the  max¬ 
imum  drop  heigh.  ,.nd  falling  weight  capacity 
of  the  test  apparatus.  Use  Specimen  Type  A  for 
maienal  less  than  12.7  mm  (0.50  in.)  thick. 

4  3  Within  the  range  of  drop  heights  of  this 
system,  tests  employing  different  velocities  are 
not  expected  to  produce  different  results.  How¬ 
ever,  for  a  given  series  of  tests,  it  is  recom¬ 
mended  that  the  drop  height  be  held  approxi¬ 
mately  constant  so  that  velocity  of  impact 
(strain  rate)  will  not  be  a  variable. 


1  This  practice  is  under  the  jurisdiction  of  ASTM  Com- 
milicc  F-7  on  Aerospace  Industry  Methods  and  is  the  direct 
responsibility  of  Subcommittee  F0?  08  on  Transparent  En¬ 
closures  and  Materials. 

Current  edition  approved  Aug.  28.  1981.  Published  Oc¬ 
tober  1981. 

*  Annual  Book  of  ASTM  Standards.  Pan  25. 

1  Annual  Book  af  ASTM  Standards ,  Pan  35 
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4  4  As  the  polycarbonate  specimen  under¬ 
goes  large  plastic  deformation  under  impact, 
the  dow  n  (opposite  impact)  side  is  under  tensile 
loading  and  most  influential  in  initiating  fail¬ 
ure  Polycarbonate  sheet  coated  on  one  side 
may  yield  significantly  different  test  results 
when  tested  with  the  coated  side  down  versus 
the  coated  side  up. 

4.5  Direct  comparison  of  specimen  Type  A 
and  specimen  Type  B  test  results  should  not  be 
attempted  For  test  programs  that  will  require 
the  comparison  of  interlaboratory  test  results 
the  specimen  type  and  the  approximate  drop 
height  must  be  specified. 

4  6  Monolithic  polycarbonate  sheet  is  notch 
sensitive.  Data  obtained  from  other  test  meth¬ 
ods.  particularly  notched  Izod/Charpy  test  re¬ 
sults.  and  extremely  high-  or  low-strain  rate  test 
results,  should  not  be  compared  directly  to  data 
obtained  from  this  method.  It  is  noted  that 
Type  A  specimens,  free  of  flaws,  have  not 
experienced  the  characteristic  ductlle-to-bnitle 
transition  between  thin,  less  than  3.18  mm  (Vi 
in  ),  and  thick,  greater  than  7.94  mm  (vi6  in), 
sheet  as  reflected  by  other  lest  methods. 

5.  Descriptions  of  Terms 

5  1  failure  (of  test  specimen ) — failure  is  sig¬ 
nified  by  the  presence  of  any  crack  or  split  in 
the  impact-deformed  area  that  was  created  by 
the  impact  of  the  falling  weight  and  that  can 
be  seen  by  the  naked  eye. 

6.  Apparatus 

6.1  Impact  Tester — The  apparatus  shall  be 
constructed  essentially  as  shown  in  Fie  2  Al¬ 
though  not  specilied.  materials  called  out  nave 
been  found  to  be  satisfactory. 

6.1.1  Drop  Height— A  lifting  carrier  shall  be 
provided  to  raise  or  lower  the  falling  weight 
impactor  that  will  be  adjustable  within  the 
range  of  0  705  m  (1  ft)  to  maximum  drop  height 
and  measurable  to  the  nearest  25  40  mm  (1  in.) 

6.1.2  Drop  Weight — The  falling  weights 
shall  be  detachable,  interchangeable,  and  van- 
able  in  small  known  increments  from  a  total  of 
0.45  kg  (1  lb)  to  a  maximum  drop  weight  of  50 
kg  (110  lb) 

6.1.3  Impactor — The  loading  nose  to  be  used 
w  ith  Type  A  specimens  is  show  n  in  Fig.  3.  with 
Type  B  specimens  as  shown  in  Fig  4  The 
impactor  surface  shall  be  free  of  nicks  or  other 
surface  irregularities.  The  tmpaclor  geometry 


for  Type  B  specimens  corresponds  to  Method 
D  790 

6.1  4  Impact  Location — The  center  of  mass 
of  the  falling  weight  shall  be  guided  by  a  two 
cable  system  or  other  suitable  means  to  repeat¬ 
edly  stnke  within  2.54  mm  (0.10  in  )  of  the 
center  of  the  specimen  support  fixture  as  mea¬ 
sured  in  the  plane  of  the  specimen,  in  order  to 
assure  uniform,  reproducible  drops.  Friction 
retarding  the  falling  weight  should  be  minimal 
so  that  the  impact  velocity  approaches 


where: 

g  <=  acceleration  of  gravity,  and 
h  =  drop  height. 

6  1 .5  Supports — Clamp  and  support  rings  as 
shown  in  Fig.  5  and  Table  1  will  be  used  to 
accommodate  Type  A  plate  specimens  Adjust¬ 
able  D  790-Method  1  supports  will  be  used  to 
accommodate  the  Type  B  simply  supported 
beam  specimens  of  6  +  1  span-to-depth  ratio. 
Specimens  shall  be  supported  so  that  the  sur¬ 
face  to  be  impacted  is  horizontal  and  at  an 
angle  of  90  (±  1)  D  (r/2  radians)  with  respect 
to  the  falling  weight  guides 

6  1.6  Release — An  electromagnetic  or  me¬ 
chanical  releasing  mechanism,  capable  of  sup¬ 
porting  the  maximum  falling  weight  will  be 
provided  to  assure  uniform  and  reproducible 
drops. 

6.1.7  Rebound  Catcher — Cleans  must  be 
prov  ided  to  catch  the  weight  if  it  rebounds  to 
prevent  restriking  the  specimen  and  causing 
further  damage. 

6.1  8  Energy  Absorber—  An  energy  absorb¬ 
ent  material  must  be  provided  beneath  the 
specimen  to  prevent  damage  to  the  fixture 
when  the  impactor  penetrates  the  specimen. 

7.  Precautions 

7  1  To  reduce  a  hazard  to  the  test  operator 
or  witness,  or  both,  a  protective  enclosure  shall 
be  plated  around  the  lest  specimen  impact  area 
to  contain  any  flying  particles  which  may  be 
generated  during  the  lest  No  further  adjust¬ 
ments  to  the  specimen  shall  be  made  after 
positioning  the  falling  weight  at  the  selected 
drop  height. 

8.  Test  Specimens 

8  1  All  specimens  must  be  initially  without 
flaws  unless  the  flaws  constitute  v  ariables  under 


stud)  Type  B  specimens  must  be  free  of  ma¬ 
chining  stresses  Edge  stresses  associated  with 
standard  shop  practice  do  not  affect  the  test 
results  for  Type  A  specimens.  If  no  combina¬ 
tion  of  falling  weight/drop  height  is  available 
that  will  give  satisfactory  results  using  Type  A 
specimens  because  of  high  impact  resistance, 
the  tlse  of  Type  B  specimens  is  recommended 
to  produce  failure  at  a  lower  energy  level. 

8.1.)  Type  A  —  Flat  plates  shall  be  round  or 
square  and  have  the  physical  dimensions  spec¬ 
ified  in  Table  2.  These  dimensions  provide 
adequate  edge  distance  for  clamping  on  the 
plate  support  rings. 

8  1  2  Type  B --For  beam  specimens  greater 
than  12 .7  mm  (0.50  in.)  thick  the  support  span 
shall  be  six  times  the  thickness  of  the  beam,  the 
specimen  width  shall  be  two  limes  the  thick¬ 
ness.  not  to  exceed  50  SO  mm  (2.00  in  ).  and  the 
overhang  on  each  end  shall  be  four  times  the 
thickness  to  prevent  the  specimen  from  slipping 
th.ough  the  suppets. 

Note  I— With  care.  Type  A  plale  specimens  may 
be  bandsaw  rd  wilhoui  inducing  failure  from  edge 
efTecis.  Type  B  beam  specimens  musi  have  debarred 
finish-machined  edges  thai  are  Ore  of  stress  risers 

9.  Conditioning 

9  1  Unless  otherwise  specified,  condition  the 
test  specimens  in  accordance  w  ith  Procedure  A 
of  Method  D  618. 

10.  Procedure 

10. 1  Measure  and  record  the  thickness  and 
geometry  of  each  specimen 

10.2  Choose  a  specimen  at  random  from  the 
sample 

103  Lightly  clamp  tfmger  light)  the  speci¬ 
men. 

10.4  Adjust  the  falling  weight  to  that  weight 
which  is  expected  io  cause  failure 

10  5  Position  the  falling  weight  at  the  proper 
height  io  provide  the  predicted  failure  energy 
at  impact 

10.6  Release  the  weight  to  strike  the  center 
of  the  specimen  I  f  rebound  occurs,  prevent  the 
impactor  from  restriking  the  specimen. 

10.7  Fxamine  the  specimen  to  determine  if 
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it  failed  Test  each  specimen  only  once  If  over 
(full  penetration)  or  under  ihe  threshold  of 
failure,  remove  or  add  an  increment  of  weight 
as  derived  from  results  observed  from  the  spec¬ 
imen  tested  immediately  prior  and  repeat  the 
lest  procedure. 

10.S  Use  a  sufficient  number  of  specimens 
to  determine  the  threshold  of  failure,  using  trial 
and  error  lest  runs  Test  six  replicates  at  failure 
energy  so  that  at  least  two,  and  not  more  than 
four,  of  the  samples  tested  fail  at  the  given 
energy  level 

10  9  Exercise  care  to  avoid  accidental  expo¬ 
sure  of  polycarbonate  lest  samples  to  toluene. 
MEK.  vapors,  and  other  harmful  solvents  Deg¬ 
radation  can  occur  w  ith  no  visual  evidence  of 
damage. 

1 1.  Calculations 

11.1  The  energy  required  to  produce  failure, 
expressed  in  foot-pounds,  is  obtained  by  mul¬ 
tiplying  the  falling  w  eight  bv  the  drop  height 

12.  Report 

12  1  The  report  shall  include  the  following: 

12.1.1  Complete  identification  of  the  mate¬ 
rial. 

12.1  2  Type  of  specimen  (either  A  or  B), 

12  I  3  Specimen  fabrication  procedure, 

12.1.4  Thickness, 

12.1.5  Number  of  lest  specimens  employed 
to  determine  threshold  of  failure, 

12.1.6  Test  conditions  and  material  history, 

12  1.7  Failure  energy, 

12  1.8  Drop  height, 

12.1.9  Drop  weight. 

12.1  10  Failure  mode  (ductile  deformation, 
penetration,  or  brittle  fractuie), 

12.1.11  Replicate  data, 

12  1  12  Deviation(s)  from  lest  procedure, 
and 

12  1.13  Dale  of  test. 

13.  Precision  and  Accuracy 

13.1  Limited  data  from  one  laboratory  in¬ 
dicates  repeatability  to  approximately  ±  5  c« 
for  either  specimen  Type  A  or  Type  B  for 
material  exhibiting  ductile  behavior. 
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TABLE  1  Plate  Support  Ring  Geometry 

Non 

i— Reference  Fig.  5  for  definition  of  “A"  and  "C." 

Rmj 

-a-  -c- 

Span 

Sue 

mm  (in.)  mm  (in.) 

mm  (m.) 

l 

88  9  (3  50)  127.0  (500) 

1016  (4  00) 

2 

114  3  (4  50)  157.5  (6  20) 

127.0  (5.00) 

3 

190  5  (7  50)  254.0(10  00) 

203.2  (8  00) 

4 

292  1  (11  SO)  3810(1500) 

304  8(12  00) 

TABLE  2  Type  A  Specimen  Geometry* 

Specimen  Thickness 

Span*  (“A"  •*  2R) 

Dumeter  or  Width 

mm  (m.) 

mm  (in  ) 

mm  (in.) 

3  175  <0. 125)—  7  94  (0  3125) 

101.6  (4  00) 

127  0  (5.00) 

32-12  8 

7.95  (0.3 130)- 13  80  (0  5040| 

(27.0  (5  00) 

137.5  (62 0) 

16-99 

13  81  (0.5045)- 19.30(0  780) 

203  2  (8  00) 

254  0(10.00) 

15  9-10.5 

19  31  (0.765)— 32.00  (1.26) 

304  8(12  00) 

381  0(15  00) 

15.8-9  5 

A  Specified  specimen  thicknesses  ure  nominal  thicknesses  Tolerances  on  actual  material  thickness  could  cause  specimens 
from  a  given  group  to  fall  in  more  than  one  thickness  range  This  should  not  be  permitted.  All  specimens  having  the  same 
nominal  thickness  should  be  tested  at  the  same  span 
*  Reference  Ftg  5 


FIG.  1  T\ pc  B  Specimen  Geometry  and  Loading 
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POSITION  INDICATOR 


ALUM.  CABLE  SUPPORT  PLATE 


ALUM.  SUPPORT  CHANNEL 


WEIGHT  CARRIER 


WEIGHTS 


ALUM  CLAMPING  RINGS 


REBOUND  CATCH  MECHANISM 


Nciti  All  loading  surfaces  to  have  surface  roughness  of  1  5-3  0  pm  (64-128  mid  ) 

FIG  3  Impacto/  Loading  Nose— T>pe  A  Plaie  Specimen  (Stainless  Sted) 


Non  All  loading  surfaces  io  have  surface  roughness  ofl  5-3  0»im  (64  128  pin  ) 

FIG.  4  (mpartor  Loading  \oce-7jpt  B  Beam  Specimen  (Stainless  Steel) 


(SR)  F  736 


Note  I  — Rcfe/enceTable  I  for  dimensions  "A”  and  **C" 

Note  2  —  All  loading surfaces  to  hasesurfacc  icughnessof  1.5  -3.0 pm  (64-128 pin  ) 

FIG.  5  Clamping  and  Support  Rings— Tspe  A  Plat*  Specimen 


The  American  Sanely  far  Testing  and  Materials  takes  no  pasmon  respecting  the  xahdits  af  any  patent  rights  asserted  in 
connection  mth  an\  item  mentioned  in  thn  standard  Users  of  this  standard  are  express l\  adxised  that  determination  af  the  xaiidny 
of  tint  such  patent  rights,  and  the  risk  af  infringement  af  such  rights,  are  entirely  their  oxen  responsibility. 

This  standard  is  subject  t  a  r  fusion  at  any  time  by  the  responsible  technical  committee  and  must  be  reviewed  ex  fry  fixe  xears 
and  if  not  revised,  either  reappraxed  or  withdrawn  Your  comments  ore  muted  either  far  rexisian  af  this  standard  ar  far  additional 
standards  and  should  be  addressed  ta  A  STM  Headquarters  Your  comments  *  ill  receix  e  careful  consideration  at  a  meeting  of  the 
responsible  technical  committee.  *mch  you  may  attend  if  you  feel  that  yaur  comments  hoxe  not  received a  fair  hearing you  should 
make  your  u*»*j  ta  the  A  STM  Committee  on  Standards.  1916  Race  St  Fhiladelphia.  Pa  19103.  *hich  mil  schedule  a 

further  htaring  regarding  your  comments  Foiling  satisfaction  there,  you  max  appeal  ta  the  A  STM  Board  af  Directors. 
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APPENDIX  B 

ACTUAL  TEST  RESULTS  FOR  AIR  CANNON,  FALLING  WEIGHT, 
NOTCHED  I ZOD ,  AND  NOTCHED  CHARPY  TESTS 


TABLE  B.l 

AIR  CANNON  TEST 


llneoated  1‘olycar  bonate  .31  Inch  Thick  Mil.  Spec.  G.E.  l.exan  * 


Spec i men 

liupacLor 

Impact oi 

Veloci ty 

Energy 

Number 

Typo 

Mass 

(gnO 

f  t . /sec . 

f  t . - 1 bs 

AA  1 

Sphere 

66 

.  7 

473 

510 

aa-3 

1  inch. 

597 

BIO 

AA-6 

l)i  a . 

627 

900 

AA-7 

637 

930 

AA-4 

651 

970 

AA-U 

656 

980 

1 

< 

< 

666 

1,010 

fN 

1 

< 

< 

_ 

709 

1,150 

AA-2K 

(Uolun 

t*  llildb) 

66 

.  7 

644 

950 

Tuffak 

AA  -  1  l< 

66 

.  7 

BOB 

1 ,490 

AA-  1  fa 

Uul let 

287 

284 

793 

AA-  1  7 

1  inch 

145 

1  ,  170 

AA  21 

Did. 

2bi> 

.9 

345 

1,170 

A  A  20 

Hem 

-nose 

355 

1,240 

AA-1‘1 

361 

1  ,  2B0 

AA  - 1  5 

211 7 

.  2 

375 

1  ,  3B0 

*  excout  as  noted 
l)-ductilo  ilcfoi  mat  ion 
(■'-threshold  of  failure  - 
I’-penotra  L  ion 


visible  open  crack 


TABLE  3.2 

AIR  CANNON  TEST 


Uncoated  Polycarbonate  .5  inch  Thick  Commercial  G.E.  Lexan  10  x  10  Plate  Span 


Spec  mien 
Number 

Impac tor 
Tytie 

Impaetor 
Mass  (yra) 

Veloci ty 
f  t . /sec . 

Energy 
ft. -lbs . 

Fa i 1 ure 
Type 

AC- 2 

Sphere 

66 , 7 

82b 

1,560 

D 

AC-4 

1  inch 

Lst.  850 

1,650 

D 

AC -5 

0 

a . 

867 

1,720 

D 

AC -3 

870 

1,730 

P 

AC -6 

873 

1,740 

D 

AC -7 

873 

1,740 

D 

AC -8 

886 

1,790 

P 

AC-1 

898 

1,840 

P 

AC- 12 

Bullet 

287 

421 

1  ,  740 

D 

AC-10 

1  inch 

447 

1,960 

D 

AC-13 

Dia. 

448 

1,970 

D 

AC- 15 

Ilem  i  -nose 

4  52 

2,010 

P 

AC -9 

461 

2,090 

D 

AC- 14 

467 

2,140 

U 

AC- 11 

_l 

1 

4  92 

2,  380 

P 

D-duct  j  le  deform/)  ti on 
P- threshold  of  failure 
P-peneti a  t ion 


visible  open  crack 


1"  Dia.  Ball  Nose  Impactor 
4.96  dia.  I  2T  I  10 


8.00  dia. 


2T 

10.00 

16.50 

3T 

11.38 

14.50 

4T 

17.15 

9.62 

7T 

7.23 

22.82 

6T 

7.89 

22.82 

27R 

5.18 

34.77 

28R 

5.32 

34.77 

29R 

5.46 

34.77 

30R 

5.46 

34.77 

5T 

10.00 

22.82 

IT 

20.00 

16.50 

62 

7.23 

22.82 

63 

7.23 

22.82 

64 

7.23 

22.82 

65 

7.50 

22.82 

66 

7.89 

22.82 

66C 

18.03 

10.54 

66B 

8.33 

22.82 

66A 

8.76 

22.82 

1"  Dia.  Heat  Treated  Bullet  Impactor 


dia .  2 

12.58 

1  3 

12.90 

t 

13.22 

15.5 

15.5 

15.5 


(1)  D  =  Ductile  Deformation 

F  =  Failure  Threshold  -  Visible  Crack 
P  =  Penetration 


l: 


4 


men  No 


1"  Dia.  Ball  Nose  Impactor 
4.96  dia.  I  44T  I  5.00 


44T 

5.00 

3.63 

18.15 

D 

Coated 

side 

45T 

10.00 

3.63 

36.30 

D 

11 

11 

46T 

14.00 

3.63 

50.82 

D 

11 

11 

47T 

10.00 

13.  65 

136.50 

S 

11 

11 

42T 

1.00 

3.  63 

3.63 

F 

Coated 

side 

43T 

1.00 

3.63 

3.63 

F 

11 

11 

41T 

1.65 

3.63 

5.99 

S 

ii 

11 

40T 

2.50 

3.63 

9.08 

S 

11 

11 

Uncoated  MIL-P-83310  Polycarbonate ,  0.125"  Thickness 
Specimens  thermal  cycled  at  257°F  as  noted 


1"  Dia.  Ball  Nose  Impactor 
4.96  dia.  !  5TC  I  4.19 


5TC 

4.19 

33.38 

6TC 

4.19 

33.38 

7TC 

4.19 

33.38 

8TC 

4.19 

33.38 

4TC 

4.94 

33.38 

1"  Dia.  Heat  Treated  Bullet  Impactor 


dia.  22TC 

9.03 

15.5 

20TC 

9.68 

15.5 

17TC 

10.00 

15.5 

18TC 

10.00 

15.5 

19TC 

10.00 

15.5 

21TC 

10.32 

15.5 

16  hrs  @  257°F 


2  hrs 


257°F 


Ductile  Deformation 

Failure  Threshold  -  Visible  Crack 

Shatter 

Penetration 


TABLE  B .  5 


FALLING  WEIGHT  TEST,  UNCOATED  COMMERCIAL  GRADE  POLYCARBONATE* 
.250  INCHES  THICK,  SPAN  =  4  INCHES 


Specimen 

Number 

Drop 

Height 

ft. 

Falling 
Weight 
lbs . 

Energy 
ft. -lbs. 

Impactor 

Type 

Failure 

Type 

DB-60 

6.15 

5.7 

35 

1/4  inch 

D 

Diameter 

DB-61 

7.03 

5.7 

40 

Bullet 

D 

DB-62 

7.91 

5.7 

45 

F 

DB-63 

7.91 

5.7 

45 

F 

DB-59 

8.79 

5.7 

50 

P 

DB-58 

13.18 

5.7 

75 

P 

D-ductile  deformation 
F-threshold  of  failure 
P-penetration 


*  Lexan 


53 


TABLE  B.5  (continued) 
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TABLE  B . 6 


FALLING  WEIGHT  TEST,  UNCOATED  COMMERCIAL  GRADE  POLYCARBONATE 
.250  INCHES  THICK,  SPAN  =  4.96  INCHES 


Specimen 

Number 

Drop 

Height 

ft. 

Falling 

Weight 

lbs. 

Energy 
ft. -lbs. 

Xmpactor 

Type 

Failure 

Type 

CB-4 

3.6 

29 

.7 

105 

Jj"  Bullet 

D 

CB-5 

3.8 

29 

.7 

115 

D 

CB-3 

4.0 

29 

.7 

120 

P 

CB-11 

4.1 

29 

.0 

120 

D 

C3-22 

14.0 

9 

.0 

125 

D 

CB-21 

14.0 

9 

.0 

125 

D 

CB-9 

14.0 

9 

.0 

125 

D 

CB-18 

4.4 

29 

.0 

130 

D 

CB-12 

4.4 

29 

.0 

130 

D 

CB-13 

4.6 

29 

.0 

135 

F 

CB-17 

4.6 

29 

.0 

135 

F 

CB-23 

14.8 

9 

0 

135 

F 

CB-7 

14.8 

9.0 

135 

F 

CB-6 

14.8 

9 

0 

135 

P 

CB-8 

14.8 

9 

0 

135 

P 

C3-19 

14.8 

9 

0 

135 

P 

CB-14 

4.8 

29.1 

140 

P 

CB-15 

4.8 

29 

1 

140 

P 

CB-16 

4.8 

29 

1 

140 

P 

CB-1 

16.3 

9 

0 

145 

P 

CB-2 

16.3 

9. 

0 

145 

1 

r 

P- 

CB-30 

10.6 

33. 

n 

350 

1"  Bullet 

D 

CB-31 

10.6 

350 

D 

CB-29 

10.8 

355 

P 

i  C3-25 

11.1 

365 

D 

1  CB-27 

11.4 

1 

375 

D 

CB-26 

11.4 

J 

375 

F 

CB-24 

11.4 

1  . 

375 

P 

CB-28 

11.4 

375 

F 

CB-1 9 

11.7 

385 

D 

CB-22 

11.7 

H 

385 

P 

CB-23 

11.7 

385 

P 

CB-21 

12.0 

395 

P 

CB-33 

12.2 

405 

D 

CB-32 

12.2 

405 

P 

CB-34 

12.2 

405 

F 

CB-36 

12.7 

420 

F 

CB-3  5 

12.7 

1 

420 

1 

f 

P 

CB-4  a 

15.0 

49. 

0 

735 

lij"  Bullet 

D 

CB-52 

15.4 

755 

D 

CB-49 

15.5 

760 

D 

CB-47 

15.6 

765 

P 

CB-51 

15.7 

770 

P 

CB-53 

16.3 

800 

D 

CB-4  6 

16.5 

810 

P 

CB-3  9 

17.1 

840 

D 

CB-41 

17.3 

850 

D 

CB-40 

17.3 

850 

F 

CB-4  5 

17.3 

850 

P 

CB-50 

17.4 

855 

P 

CB-44 

17.4 

855 

P 

CB-4  2 

17.6 

860 

F 

CB-4  3 

17.6 

860 

P 

CB-3  8 

17.7 

865 

P 

CB-37 

18.2 

i 

f 

890 

1 

P 

D-ductile  deformation  Lexan 

F-threshold  of  failure 

P-penetration 


TABLE  B . 7 


FALLING  WEIGHT  TEST,  UNCOATED  COMMERCIAL  GRADE  POLYCARBONATE  * 
.250  INCHES  THICK,  SPAN  =8.0  INCHES 


TABLE  B .  9 

FALLING  WEIGHT  TEST,  UNCOATED  MIL-P-83310  POLYCARBONATE 


o  nj  o  *1  M  D  *1  *d  *0  TJ  »d  TJ  *>  O  *0  O  O  O  0 


tabl: 


i 


_._o 

FALLING  WEIGHT  TEST  RESULTS 
PLATE  SPECIMENS  -  CLAMPED  EDGE 


Coated  MIL-P-83310  Polycarbonate,  .31  inches  Thick 


Plate 
Span,  in. 

Speci¬ 
men  No. 

Drop 

Height 

ft. 

Falling 
Weight 
lbs . 

1 

Energy 
ft-lbs . 

Failure 

(1) 

1"  Dia.  Ball  Nose  Impactor 

4.96  dia. 

34T 

3.00 

6.54 

19.62 

F 

Coated 

side 

down 

35T 

3.00 

6.54 

19.62 

F 

ft 

It 

36T 

3.00 

6.54 

19.62 

D 

Coated 

side 

up 

33T 

4.00 

6.54 

26.16 

F 

Coated 

side 

down 

32T 

6.00 

6.54 

39.24 

S 

ft 

It 

31T 

2.50 

33.38 

83.45 

s 

ft 

It 

30T 

7.50 

33.38 

250.35 

S 

tt 

tl 

Uncoated  MIL-P-83310  Polycarbonate,  .31  inches  Thick 
Specimens  thermal  cycled  2  hrs.  at  257 °F 


4.96  dia. 


1TC 

6.00 

6.54 

39.24 

D 

3TC 

11.98 

33.38 

400 

D 

2TC 

14.98 

33.38 

500 

P 

9TC 

14.00 

33.25 

465 

F 

13TC 

14.00 

33.25 

465 

F 

10TC 

14.28 

33.25 

475 

F 

11TC 

14.28 

33.25 

475 

P 

1 2TC 

14.28 

33.25 

475 

P 

1"  Ball  Nose 

It  tl 

H  It 

1”  Bullet 


tt  tl 


(1)  D  =  Ductile  Deformation 

F  =  Failure  Threshold  -  Visible  Crack 
S  =  Shatter 
P  =  Penetration 


TABLE  B. 11 

FALLING  WEIGHT  TEST,  EFFECT  OF  IMPACTOR  FINISH 
Uncoated  MIL-P-83310  Polycarbonate,  .31  Inches  Thick 
Span  =  4.96  inches,  1"  Dia.  Impactors 


Drop 

Failing 

Specimen 

Height 

Weight 

Energy 

Failure 

Number 

ft. 

lbu. 

ft-lbs. 

Type  (1) 

Impactor:  Stainless  Steel  Bullet  Configuration 
Surface  Finish  -  64  microinches 


CA12 

14.81 

33.75 

500 

CA1 3 

14.81 

33.75 

500 

CA14 

14.81 

33.75 

500 

CA1 

15.04 

33.25 

500 

14TC 

15.04 

33.25 

500 

Impactor:  Alloy  Steel  (Heat  Treated)  Bullet  Configuration 

Surface  Finish  -  Equivalent  to  a  "4  Lapped"  Surface 


CA15 

14.07 

33.75 

CA16 

14.07 

33.75 

CA17 

14.07 

33.75 

CA9 

14.81 

33.75 

CA10 

14.81 

33.75 

CAll 

14.81 

33.75 

Impactor:  Chrome  Steel  Ball  Nose 


38P 

14.88 

33.59 

39P 

14.88 

33.59 

9 

14.98 

33.38 

9A 

14.98 

33.38 

16T 

14.98 

33.38 

15TC 

15.04 

33.25 

CA3 

15.04 

33.25 

Impactor:  Hardened  Steel  Bullet 

16TC  15.04  33.25 

CA2  15.04  33.25 


475 

475 

475 

500 

500 

500 


500 

500 

500 

500 

500 

500 

500 


500 

500 


D 

F 

P 

P 

P 

P 


P 

P 

F 

F 

D 

F 

P 


F 

P 


(1)  D  =  Ductile  Deformation 

F  =  Failure  Threshold  -  Visible  Crack 
P  =  Penetration 
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TABLE  B . 12 


FALLING  WEIGHT  TEST,  EFFECT  OF  PLATE  SPAN 


Uncoated  MIL-P-83310  Polycarbonate,  .31  inch  Thick 

I 


i 

Spec imen 
Number 

Drop 

Height 

ft. 

Falling 

Weight 

lbs. 

Energy 
ft- lbs . 

Impactor 

Type 

Failure 
Type  ( 1 ) 

Span  =  4.C 

>" 

DA- 2 

14.17 

12.0 

170 

V  Bullet 

D 

DA- 4 

14.33 

172 

D 

DA- 5 

14.58 

175 

D 

DA- 6 

14.58 

175 

D 

DA- 3 

14.58 

175 

DA- 8 

17.7 

48.0 

850 

iy  Bullet 

D 

DA- 9 

20.0 

48.0 

960 

iy  Bullet 

D 

DA-1 

19.0 

49.0 

931 

2"  Ball  Nose 

D 

Span  =  4.96" 

CA-5 

14.58 

12.0 

175 

y  Bullet 

D 

CA-7 

15.00 

180 

P 

CA-6 

15.42 

185 

P 

CA-4 

15.83 

190 

P 

Span  =  8.00" 

BA-1 

10.00 

15.50 

155 

h  Ball  Nose 

D 

*  *>  _ 

BA- 4 

12.90 

15.50 

200 

D 

BA- 7 

13. 11 

15.25 

200 

P 

BA- 6 

13.77 

15.  25 

210 

P 

1. 

BA- 3 

14.19 

15.50 

220 

P 

t 

BA- 2 

16.13 

15.50 

250 

P 

9 

17.29 

33.25 

575 

1”  Bullet 

P 

5 

18.80 

625 

P 

I 

4 

18.80 

625 

P 

BA- 5 

16.33 

49 

800 

2"  Ball  Nose 

D 

(1)  D  =  Ductile  Deformation 

F  =  Failure  Threshold  -  Visible  Crack 
P  =  Penetration 
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TABLE  B.13 


FALLING  WEIGHT  TEST 

Uncoated  Commercial  Grade  Polycarbonate 
.5  inch  Thick,  Sjan  =  4.96  inches 


Specimen 

Number 

Drop 

Height 

ft. 

Falling 
Weight 
lbs . 

Energy 
ft. -lbs. 

Impactor 

Type 

Failure 

Type 

CC-16 

16.9 

48 

810 

1”  Bullet 

D 

CC-17 

16.9 

810 

D 

CC-18 

16.9 

810 

F 

CC-1 

17.3 

830 

D 

CC-3 

17.7 

850 

D 

CC-15 

17.7 

850 

D 

CC-2 

17.7 

850 

F 

CC-14 

17.7 

850 

F 

CC-4 

18.2 

875 

P 

CC-1 

18.8 

900 

D 

CC-S 

18.8 

900 

F 

CC-12 

18.8 

900 

P 

CC-13 

18.8 

900 

P 

CC-6 

19.3 

925 

P 

CC-11 

19.3 

925 

r 

P 

CC-8 

18.8 

900 

1"  Polished 

D 

CC-9 

19.3 

r 

925 

Bullet 

D 

TABLE  B .  14 


FALLING  WEIGHT  TEST  RESULTS 
BEAMS  SPECIMENS  -  SIMPLY  SUPPORTED 


Uncoated  Polycarbonate ,  0.310*'  Thickness 
j”  Drop  iFalling  | 

Beam  Speci-  Height 'Weight,  i Energy ,  |Failure  J 


Span,  in.  men  No. 
3.10(10:l)i  IB 


1.86(6:1) 


3.10  (10:1) 


ft.  j  lbs.  jft-lbs, 

4.76  10.50  j  50 

5.24  10.50  |  55 


3B 

!  6.19 

10.50 

| 

65 

D 

j 

4B 

7.14 

10.50 

1 

75 

D 

5B 

7.14 

10.50 

75 

D 

15B 

7.14 

j 

10.50 

75 

D 

16B 

7.14 

10.50 

75 

D 

11B 

•  j 

7.62 

10.50 

80 

F 

12B 

7.62 

10.50 

80 

:  d 

i  14B 

8.10 

10.50 

85 

F 

7B 

;  1 

8.10 

1 

10.50 

85 

D 

i 

10B 

j  | 

'  8.10 

10.50 

85 

P 

13B 

‘  8.10 

10.50 

!  85 

t  | 

F 

j  30B 

8.10 

10.50 

85 

| 

F 

31B 

8.10  i 

10.50 

85 

F 

9B 

8.33  1 

10.50 

87.5 

F 

I  8B 

8.57  i 

j 

10.50 

90 

1 

F 

6B 

8.57  | 

10.50 

90 

F 

Coated 

Polycarbonate, 

0.310"  Thickr 

19B 

2.00  1 

2.00  | 

4.00  j 

D 

2  IB 

2.00 

2.00  ’ 

4.00 

D 

22B 

2.25 

2.00 

4.50 

D 

20B 

2.50 

| 

2.00 

5.00  ; 

P 

18B 

1.00  j 

5.54 

5.54 

P 

|  17B 

2.71  ! 

5.54  J 

15  I 

P 

Comments 


Coated  Side  Down 


(1)  D  =  Ductile  Deformation 

F  =  Failure  -  Visible  Crack;  Beam  Held  Together 
P  =  Penetration  -  Beam  Split  in  Two 
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TABLE  B .  15 


FALLING  WEIGHT  TEST  RESULTS 
BEAM  SPECIMENS  -  SIMPLY  SUPPORTED 

T-38  Instructor's  Windshield  Material  Evaluation 


Specimen 

Number 

Drop 

Height 

ft. 

Falling 
Weight 
lbs . 

Energy 
ft . -lbs . 

Failure 

Type 

Stretched 

Acrylic 

.92  x  6. 

44  x  .46  inch  beam  -  2.76"  Span 

1A 

1.44 

3. 

48 

5.0 

D 

1A 

2.87 

10.0 

S 

2A 

2.16 

7.5 

D 

2A 

2.59 

9.0 

D 

2A 

2.87 

10.0 

D 

2A 

3.45 

12.0 

S 

3A 

3.16 

11.0 

S 

4A 

2.87 

10.0 

S 

5A 

2.59 

9.0 

D 

5A 

2.73 

9.5 

S 

6A 

2.87 

\ 

i 

10.0 

S 

Commercial 

G.E.  Lexan 

1.00  x  7 

.Ox  .5  inch 

beam 

-  3.00 

"  Span 

ZC-2 

15.08 

8. 

88 

134 

D 

ZC-4 

7.87 

18  . 

14 

143 

D 

ZC-5 

7.87 

18. 

14 

143 

D 

ZC-3 

9.44 

18.14 

171 

D 

(pushed  through 

—  i 

supports) 

D  =  ductile  deformation 
F  =  threshold  of  failure 
P  =  penetration 
S  =  shatter 


TABLE  B . 16 


NOTCHED  IZOD  AND  NOTCHED  CHARPY  TEST  RESULTS 

NOTCHED  IZOD  TEST  RESULTS 
0.125  inch  material  (sheet)  thickness 


Specimen 


Material  Condition 


Impact  Strength 
(ft-lb/inch  of  notch) 


137 

138 

139 

140 

141 

Mean(Std.  Dev.) 

96 

97 

98 

99 
100 

Mean(Std.  Dev.) 

175 

176 

177 

185 

186 

Mean(Std.  Dev.) 


As  received 


Coated 


105°  C  for  2  hr. 


18.8 

16.7 

18.0 

17.4 

17.2 

TT7S  (0.81) 

1.44 
1.60 
1.51 
1.53 
1.53 

T737  (0.057) 

2.55 

2.65 

2.21 

2.44 
2  98 

275 7  (0.28) 


0.310  inch  material  (sheet)  thickness 


127 

128 

129 

130 

131 

Mean(Std.  Dev.) 

132 

133 

134 

135 

136 

Mean(Std.  Dev.) 

187 

188 

189 

190 

191 

Mean(Std.  Dev.) 


As  received 


Coated 


125*C  for  2  hr. 


1.50 

1.45 

1.56 

1.64 

1.50 

T75T  (0.073) 

1.34 

1.27 

1.31 

1.31 

1.31 

nr  (o.o25) 

1.25 

1.37 
1.42 

1.38 
1.48 

mS-  (0.085) 
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TABLE  B.16  (continues) 


NOTCHED  CHARPY  TEST  RESULTS 
0.125  inch  material  (sheet)  thickness 


78 

As  received 

r~ 

17.1 

79 

ft 

16.7 

80 

ff 

17.2 

81 

>f 

16.7 

82 

ff 

17.1 

Mean (Std . 

Dev. ) 

17.0 

168 

Coated 

1.93 

169 

ft 

1.98 

170 

ff 

1.95 

171 

ff 

1.98 

172 

« 

1.98 

Mean (Std . 

Dev. ) 

1.96 

180 

105° C  for  2  hr. 

2.13 

181 

ft 

2.30 

182 

ft 

3.02 

183 

•• 

2.28 

184 

ft 

2.22 

Mean (Std . 

Dev. ) 

J7 39 

0.310  inch  material  (sheet) 

thickness 

142 

As  received 

1.96 

143 

ff 

2.06 

144 

ff 

1.97 

145 

1 

2.02 

146 

ft 

2.01 

Mean (Std . 

Dev. ) 

2700 

156 

Coated 

1.76 

157 

" 

1.77 

158 

" 

1.75 

159 

ff 

1.79 

160 

ft 

1.77 

Mean (Std . 

Dev. ) 

I7T7 

192 

125*  C  for  2  hr. 

1.81 

193 

ft 

1.80 

194 

ft 

1.78 

195 

ff 

1.81 

196 

ft 

1.81 

Mean (Std . 

Dev. ) 

T7W5 

(0.24) 


(0.023) 


(0.040) 


(0.015) 


(0.013) 
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